The proposed Energy East pipeline project has raised concerns about potential oil spills in Saint John, New Brunswick. While environmental conditions could pose challenges for using mechanical recovery methods if a spill occurs, chemical dispersant could be an alternative. However, the application of chemical dispersant in shallow water and costal zones remains an issue of debate.
decision not to use dispersant. Some countries, such as France, Norway, the UK, and the United States have established regulations and guidelines regarding dispersant application. For example, some US regulations have 'preauthorized' dispersant use in some areas depending on water depth and distance from shore. In Canada, unfortunately, there is no written policy on dispersant application. If a spill were to occur today, a lead agency (LA) would need to be identified first, which would consult with other agencies and regional environmental emergency teams (REET) to make a decision on a case-by-case basis.
As suggested by the Arctic Oil Spill Response Technology Joint Industry Programme (), 'Canada should revise/ update the existing dispersant use guidelines and streamline the spill-specific dispersant approval/endorsement process.'
To help support decision making for dispersant application, and to evaluate the pre-approval options in selected scenarios or selected areas in Canada, numerical models may be used to study the effects of applied dispersant on the fate and behaviour of spilled oil, and evaluate potential environmental impacts and benefits, as demonstrated by Reed et al. () . The risk of an oil spill in the Port of Saint John will increase as a direct result of increased shipping traffic for the Energy East pipeline. The objective of this study was to describe a modelling effort to understand the probable distribution of petroleum hydrocarbons in Port Saint John and its environs following a hypothetical release of crude oil to which dispersant is applied. 
STUDY AREA
Saint
Model inputs and setup
The ocean currents that were used were generated by a hydrodynamic model based on the Finite-Volume Coastal Ocean Model (FVCOM), which is a proven three-dimensional, finite-volume, unstructured grid ocean model (Chen According to the report, the ERI for refined product spills is high to very high. Comparatively, the ERI for fuel oil spills is much lower. Therefore, the potential for spills from both crude oil and refine products requires investigation. Since data on oil properties for refined products were unavailable, only spills from crude oils with properties similar to Arabian Light were studied.
The analysis by WSP Canada Inc. () revealed that the spills of less than 1,000 m 3 occur most frequently. In addition, the maximum spill amount for Tier 2 response (usually a regional response) is 1,000 tonnes, which is approximately 1,000 m 3 (Transport Canada ). Thus, a 1,000 m 3 spill represents the worst case scenario of the most frequent type of oil spill for the region, and the worst case scenario for the Tier 2 response scheme in Canada, which is why this volume was used. It was assumed that a spill would be most likely to occur near the offloading terminals at 45
Environmental conditions, especially wind, play an important role on the fate and transport of spilled oil.
Since the dominant wind for a particular season of the year varies significantly, the effects need to be investigated separately. In this study, two series of scenarios, winter from January 1-31, 2014 and summer from July 1-31, 2014 were chosen to study the effects of chemical dispersant application under different seasonal conditions. These two months were selected in an attempt to capture the extremes in climate of the study area. The same approach can be applied using environmental inputs for other seasons. The dominant wind for the study period is shown in Figure 3 .
The wind roses for January and July indicate that the prevailing wind direction in winter is from the northwest, and which in summer is from the southwest. In addition, the wind direction in winter is more differentiated than that in summer. Furthermore, the wind speed in winter is significantly higher than that in summer.
To study the effects of chemical dispersant application, scenarios with and without chemical dispersant were selected for both winter and summer conditions. Corexit 9500 with a dispersant effectiveness of about 40% for Ara- In this study, the period for any individual model run was 10 days. This was selected based on preliminary simulations to ensure that spilled oil could potentially reach the shoreline and considering the reality of oil spills and the window of opportunity for the application of dispersant. It is well known that spill dispersion occurs within the first 10 days, after which the oil in the water column generally becomes undetectable. The stochastic simulation incorporates a randomized spill date, which was set to occur within the first 20 days of the complete 30 day modelled period.
RESULTS AND DISCUSSION
Mass balances for the 20 stochastic runs were computed. As an example, the mass balances from Run No. 3 are given in The mass balances for the 20 runs at the end of each 10-day simulation period are given in Figure 6 . A higher (Figure 7(c) and (d) ). The distribution of oil in the sediment in both seasons with and without dispersant is shown in Figure 8 . There was also an increased amount in the water column averaging 8.4% and 8.8% of the total spilled oil in winter and summer conditions, respectively. These increases are of concern if the fisheries are of higher priority than shoreline. A net environmental benefit analysis using the results generated from this study could provide recommendations on dispersant use for the selected scenarios.
Finally, the individual trajectories of the 20 runs were combined to produce a probability of surface and shoreline contamination (Figures 9 and 10 ). Figure 9 indicates that the area in winter was significantly larger than in summer. As mentioned previously, the reasons for this are mainly the more varied wind direction and higher wind speed in winter ( Figure 3 ) than in summer. The environmental impact factor (EIF) was used to represent the risk to different habitats (e.g. water column, water surface, and shoreline) and the whole region. The water column is defined as the area of the horizontal cross section of the spill plume in water column.
Impacted areas with risk greater than 5% are shown in Table 1 The total impact area in summer was significantly smaller than in winter. However, the total impacted area in summer was slightly increased from 2,078 to 2,859 km for the impacted areas is focusing on sea surface and shoreline (i.e. ecological reserves and residence areas), dispersant would be recommended. In contrast, the application of dispersant would not be recommended in summer when the concern is for the water column (e.g. fishery areas).
The results in Table 1 mertime would lead to a significant increase in impact to the water column, but decreased impact to the sea surface and shoreline areas; therefore, the application of dispersant would be suitable in the summer when the major concerns are the sea surface and shoreline areas. However, it would not be suitable when the major concern is the water column.
The results of this study could be used to conduct more detailed net environmental benefit analysis to furnish recommendations on dispersant application for the study area.
Such a study should consider the short-and long-term fate and effects of chemically dispersed oil on impacted ecosystems. Unfortunately, with the exception of two recent studies (Baelum et al. ; Campo et al. ) , no information has been published on the environmental fate of the active surfactant in dispersant with regard to microbial degradation.
More research on the fate and effects of dispersants are clearly needed. Future studies, should address refined products. 
